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(71) We, W. R, Grace & Ca, a Cor- 
poration organized and ftxtsring under die 
kws of die State of Connecdcut, United 
States of America of 7 Hanover Square, New 

5 Yoxic 5, New Yoxk, United States of America, 
do her^ dedaie the invei^on for wiiicb we 
pray that a patent may be granted to us, and 
the mediod by wixtch it is to be perioimed 
to be pardcoiariy described in and by the 

10 following statranrait: — 

This invention rdates to die use of dranaDy 
acdvatable adhedve composidjCHis in jols^g 
two artides. 

In one aspect the invendon consists in a 

15 mcdKKi for eSecdng adhesion between two 
artides wMch comprises interposing between 
theois and in contact ^th a surface of eadiy 
a thennally actfivatable adhesive composidon 
wiwTtflhiTiig carixm parades, and subjecting the 

20 assembly to tlie acdon of a lu^ frequency 
altemadng magnedc field until die adhesive 
composition has been healed suffidendy to 
become activated. 
The adhesive composidon voscy oantain a 

25 thermoplastic hot mch^ or tisermosetting syx^ 
tltt^dc xesin or a pzecarsor thereof, e.g. a pdy- 
meiisablc mononuar oar low pofynur. A iheimD- 
plasdc or hot mdi compo^tion may be plasd- 
dsed or tznfdasdctsed. Examples of thenno- 

30 plastic materials are olefin polymers, e^>edally 
polyethjdene^ polypropylene, ediylene/prDpyl- 
ene copo^nnets, and polystyrene and vin^ 
pdymecs, e.g. plastidscd polyvizQd chloride, 
polyvinyl acetate, and polyvxsyi aoetals sudi 

35 as the botyraL 'Exasap'ies of hot mdt com- 
poritions findttde the high molecular wd^ 
linear polyamides. Thermosetting resin comr 
poridons indude the cross-lmking polyesters. 



as wdl as photol-fctmaldehyde, urea-fonn- 
aidehyde, and melamine-formaldefayde resins. 
The composidon may H desired contain two 
or xnore components, e^ a melamine- or 
phenbl-formalddr^de resin and a polyvinyl 

The carbon partides may be of graphite or 
amorphous carboog e.g. carbon bladt Gtq>hite 
may be in the form of rougjily sptherical par- 
tides or tfain platelets of various sizes. Such 
spherical parddes tisually have a di^neter of 
100 microns or less, and may he^ as small as 
30 mionms or less. Amorphous carbon is obtain- 
able in a wide range of partide ^zds^ the par- 
tides again being roug^ spherical 

The parddes need not be conQ)osed wholly 
of carbon. For example the carbcm may be in 
the form of a coating on an inert electrically 
non-omducting st^mort;, sudi for esmepk as 
very fine gim beads. Sudi material may be 
obtained hv treating the partides of tlie sc^k 
port, ^<£, will usuaEy be xotz^ spherical, 
with a colloidal suspension of gts^ihits m water 
or some odier liqdd, veiiich may advanta- 
geously contain also a niHi-conducdng binder 
xesm of known type. Such 8I^lport partides 
mayhaveadiam^erctf 20 — 850 microns. Com- 
posice partides of this kmd are iadudedwidun 
the term "carbon patddes" as used herem. 
^ While diere Ss no critical upper limit to tlie 
size of the individual carbon particles (v^ch 
win depend on such factois as their innncnce 
on the med^nical stceogth of tiie final adhe- 
sive layer, and the desired tiHckoess thereof) 
the normal vppec limit of the average Hintppiw 
m^ be taken as approxfanacdy 1 mm, and in 
most drcumstanoes about 400 — ^500 mScrons. 
When the partides in the composidon are 



45 



50 



55 



60 



65 



70 



75 



2 



W67,198 



2 



qvaxt sepsias^ from eadi dter, tb& lower limit 
is set by the fact tiiat their ifaicfaiess must be 
at least twice the efifective depdi of current 
peoettanozL However if the concexicratioii -and 

5 distribution of the carbon particles is such that 
a number of them together form an electrically 
conducdng xssarmk^ smaller particles can be 
used. The dqnh of current pendiaiian is 
detennined by various factxsis inchtding the 

10 frequency and strength of the alternating ixutg- 
netic field, and thus no lower limit for pardde 
size can be givea iliat is valid in all czicum- 
stances. As a general rule hown^ it may be 
taken iha^ TmlMs an electrically conducdng 

15 nexwoA cf parddes is f orr^ as described 
above, the particle size should not be lower 
than 30 microns and will preferably be about 
50—500 micTMiSs and especially 75 — ^150 mi- 
cnms. Even y«ben a conducting n^woik is 

20 fanned, the above size ranges mQ usually be 
found to be most suitable. Other tfaiz^ bdng 
equal, the larger the particles tic more nqndly 
will the adhesive reach its activation tenq>era- 
tuie. 

25 TTie carbon partides are preferably ran- 
domly distributed in the adhesive (or as nearly 
as possible randomly distributed bearing in 
nund that the particles may settle somewhat 
before the heatfing takes place). 

30 The weig^ ratio of carbon particles to 
adhesive material may be varied over a wide 
range, e^ from 5:95 to 80:20, and will be 
cfaf^en with regard to the particular require- 
ments of each case. Naturally the hi^ier die 

35 ratio the more rapidly will the compositiQn be 
heated by a fidd of any given frequency and 
strengdL On the other hand the use of a lu|^ 
proportion of partides will ohm increase & 
stifoess of the final adhesive l^cr, which will 

40 not always be desirable; also it may decrease 
the wetting power of the adhe^ve for the sur- 
faces to be joined} and may also decrease the 
cohesive streogdi of tic adheshm layer, carn- 
ally ^vdien the proportion is towards the upper 

45 end of tiK range. The importance of these 
effects will vary a good deal with the nature 
of the adhesive conqxtsition. Thus, ctMnposi- 
tions comprising hi^y cxymOine polymers;, 
e.g. hig^ density polpeth^ene^ are particular^ 

50 sensitive, since the partides tend to be concen- 
trated in die aoKirphous parts of the polyiner 
layer, so that very high local conce n trations 
arise evoi when the overall bating is com- 
paroiivi^ low. 

55 Whoi small partides are used, e.g. partides 
of diamteter bdow 30 microns, so that it be- 
comes necessary to rdy on the formation of 
an electrically conductive network as already 
described, the conoentration of the partides 

60 should be sufficient to give a suitable balk 
vohnne resistivity, generally between 10* and 
5 X 10* ohm-cm. for the best results. 

The invention can be applied to die joining 
articles whose surfaces are of different types 
65 of polymer, e.g. reinforced or unreinforced 



titeimuplastic or thennoset ^resins or rubber, 
or any combination of these. In chocking a 
suicai^ adhesive for any particular combination 
of surface materials, the ordinary knowledge 
of die art of adhesion will of course be made 70 
use of. Any munber of surfaces may be joined 
together at the same tune provided that a 
magnetic fidd of suitable coverage can be gen- 
erated to heat each layer of adhesive. Thus 
laminam of severd artides can be macte if 75 
desired. 

The invention is of particular value in the 
sealing of closures onto plastics containers, par- 
ticulariy plastics botdes. The conventional 
metiiod of sealing bottles with a crown cap is 80 
unsuitable for dosing many plastics bottle 
particularly those of polyvin}^ diloride, be- 
cause a high proportion of botties are dainaged 
by the pressure necessary for the dosure. The 
mabod of the present invention makes it poss- 85 
ible m seal a cap to a plastics bottle without 
distorting the botti^ and at a 1^ speed so 
that the operation can keep pace with the high- 
speed filling operation which is the preceding 
stage of die production of the bottled goods. 90 
Moreover, because heat is generated in the 
first instance in the adhesive itself, the adhe- 
sive can be activated without any heat being 
scppEed dkecdy to the cap or botde, thereby 
avoiding distortion of the cap which is usually 95 
made of a plastic such as polyvinyl chloride 
and the plasitcs battle. 

The finequency of the alternating magnetic 
fidd used for die heating operation may be 
from 0 J to 100 m^acydes/second or higher, 100 
but will usually be 15 to 30 megacycles/ 
second. Any suitable source of suffident power 
output can be cm{Hoyed, ^ical sources have 
power outputs of 0.1 so 30 Kw, but an ounnit 
of 2 to 5 Kw will generally be most 5uita£le. 105 
It is preferred to choose the frequency and field 
strength in accordance with the size and s^pe 
of ti^ woik pi ece and the camposition of the 
adhesive^ so as to give an effective heatizig time 
of 2 minutes or 1^ usually a few seccmds. 110 

Apparatus which can be used for carrying 
out the process of the Envention is illustrated 
diagrammatically in the aooonqsanymg draw- 
ing, and consists of a generator 1 connected 
to a povm- supply 2, and an dectrically oper- 115 
ated .timmg device adapted to operate the 
gaierator so that tiie alternating fidd is applied 
to a work ooil 4 for a predetermined and pre- 
set time. A typical generate has a rating of 
5 Kw and operates at 27.12 megacydes per 120 
second. The work ooil and ixs ^mmpdintr sur- 
rcmndings are provided with cooling means, 
preferably a idiermostatically controlled, dosed 
c ir c uit system 5 in which distilled water is used 
as the cooling medium. (Less pure water gives 125 
rise m greater energy losses in the cooluig 
system, and may Stself become heated suffi- 
dentiy to destroy or reduce its effectiveness'). 
Various mechanisms, indicated schematically 
at 6, may be used to transpon the assembly to 130 
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be banded to the proper poshion within die 
work coiL The configuration of the work coO 
will be chosea so as to be suited to the sh^ 
and size of die assembly. 

In aa ahemadve method of worldmg die 
work ccSi may be moved with respect to nfae 
assembly to be bonded. 

The fdlowing Exan^les iUtmrate dus in- 
ventioa; **parts" and propordons are by weight 
The words "Foliac", "Biabender^, "SiemitE" 
and TWxic" are Roistered Trade Maries. 

BS&MFLE 1 

57 parts of graphhe in the foxm of platdets 
(Foliac Graphite, Laige Flake lA mamifac- 
tmed by GtapMte Products limited) weie 
biaided with 43 parts of polypropylene (GSE 
IC^ manufactured by LCI. L&nitef^ on a 
BrabftfirifT plastograph with a mimng head 
atxadnneDL A sheet 051 mm thick of die le- 
snlring oon^xssidon was ooxupresdon moulded 
at 200°C A sample cut from this shea was 
placed beiween two stops of polypropyloje 
12.7 mm. wide and 6.3 mm. thick to give a 
lap joint with 12.7 man. overlap. The asseoibly 
was then held together under contact pr es sm e 
and placed in a 4 turn barrel coil connected 
across the output of a 1.2 Kw inducdon 
generaoor operating at 27.12 mi^acydes per 
second. Powder was siq»plied tD the work coil 
for 10 seocmds at an anode carreot of 02 amps 
(this is an approximate measure of die power 
level), donng which time die polypropylene 
containing die graphite parddes was hf^tfd to 
a suffidendy h^ temperature to mdt it and 
die surface of the polypropylene bars in con- 
tact with k. The assembly was allowed to cool 
for one minute before removing it from die 
work coiL The bonded assembly was then 
moimted in a Houns&ld Tcisameter and the 
strength of the lap joint vras deteacmined at a 
cross head sepantdon speed of 2.5 cm. per 
minntff. A lap shear stroigth of 7 ]i^./sq. cm. 
was obtained. 



Ek&mflb 2 
30 parts cf the grq>hite used in KYgmpli* i 
was idended with 70 parts of a High I'mpnrr 
polystyrene (Stemite 122 manu&ccured by 
Stdding Mctlding Matenais Limited). A gasket 
was moulded from this conmoscdon and placed 
between the body and lid of a polystyrene bat- 
tery case. The case was placed within the con- 
fines of a rectangular stnglp' turn woik coil so 
that die adhesive composition was in dose 
proximity to the coiL The work co3 was con- 
nected to the output of a 5 Kw indtiction gen- 
cratnr operating at 27.12 megacycles per 
second. Power was supplied to tibe woik coil 
for 30 spiomds at an anode current of 03 
amps. At die end of this period a bond had 
been formed between the fid and body of tthe 



£SU«FLE 3 

Compositions woe piqtared comaioing, 10, 
20, 40 and 57 percent respecdvdy of an flmor— 
plKnis paniculate caibon (Dixie Caibon Black 
70 ISAF manufactured by Anchor C3iemical 
Gan:^>any) in the polypropylene of Exasq>le 1. 
Discs 31.7 mm. in diameter and 2.0 mm. thidc 
were conqiression moulded from each of these 
ccmipositions. The discs v^ere placed in turn 
inside a holder made from pdytetiaflnoio- 
ethylcne in a two-turn barrel coil connected as 
in Example 1. Power was sizpplied to the coil 
for 60 seccmds at an anode current of 03 
amps. The imq»eramre of eadi disc 
diatdy after die power had been switdied off 
was measiired by ptecxng a thezmocot^le ligjlidy 
in contact widi one sutface of the disc. The 
cable below gives the increase in teoq)eraxure 
of the disc above ambient t£ii^)eratnre together 
vnsh die vohnne resistivity of the respecdve 
conapositions as measured by British Standard 
No. 2784 mediod 202B vrish metal foil eleo- 
trodes. 
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Weight Percent Carbon 


Teooqpetature Kise 


Resistivity 


10 


4 


Greater than 7 


20 


18 


4.0 — 4.3 


40 


49 


2.8 — 3.1 


57 


75 


2.1 — 2.5 



57 parts of graphite in die form of approxi- 
m atEly spherical partides ^.4505 gMhite 
manxtfactured by the Anchor nhftmic!?^ Com- 
pany) was blended wzdi 43 parts of the same 



polypropykne as viras used in Exanipk 1. A 
sheet 13 mm. thick was conqnession moulded 
from this CQn:^>ostt£an. A sample cut from this 
shear was placed in a two-turn barrel coil con- 
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oecoed as in Kmmple 2. Power was supplied 
to the coil at an anode cnttent of OJ amps. 
The oomposidon mdted after 100 seconds. 
Although in Ezaanples 1 and 2 tlie adhesive 

5 coniposition is based on a tfaennoplasdc poly- 
mer of fiimilflr nature to the surfaces to be 
bonded^ k vnSl be underoood that the process 
of the invention can be applied also vrhsn one 
or both of the said snrfeoes are different in 

10 nature from the adhesive materiaL Naturally 
the adhesive chosen in any pardcnlar case will 
be whidi has suitable afiSnity for, or is 
known to be suitable for use widi, ti^ 
ticular surfaces which are m be Joined. The 

15 desexn&Dscdm of a suitable adhesive for any 
particular purpose will be easy for a skilled 
wocfcer. Example 3 shows the leladon between 
the redstivity of the caifoon-containmg axihe- 
sive and the rate at which the composition is 

20 heated using a constant power input to the 
generatorj while Example 4 shows that amor- 
phous CEobou can be used in place of the 
graphite of Exam^ 1. 
The use of caibon particles has several 

25 advantages over the use of fexio-magnetic par- 
iSdes in a similar way. Unis it is found tixat 
they have a wcadti smaller tendency to separate 
out imder gravhy when the composition mehs, 
and tlms remain more tmiformly distributed 

30 and in general ^pear at tiie surface of the 
adhesive %er to a smaller extent; for a similar 
reason their use in initially liquid compositions 
is attended widi less difficulty as die result of 
settling. Caibon is also found to be substan- 

35 tialiy free from the tendency to cause d^rada- 
dation or decomposition of the material of tiie 
adhesive vdiich ctoracfcerises some fetro-mag- 
netic metals; moreover it is not stibject to 



corrosion. Finally carbon particles are much 
less abradve in "TiTing machinery and other 40 
devices used to make the adhesive com p osi ti on. 

WHAT WE CXAIM IS:— 

1. A method for effecting adhesion between 
two articles which con^mses interposing be- 
xsvcai them, and in contact wttfa a surface of .45 
eadi, a tiieimally activatable adhesive com- 
position CQnt^ning carbon partides, and sub- 
jecting the assembly of articles to be bonded 

m the action of a high frequency ahctnating 
magnetic field until the adhesive composition 50 
has been heated suffidentiy to become aoivaied. 

2. A method aoccmling to claim 1, wherein 
the carbon partides have an average diameter 
of 50—200 noicrons. " 

3. A method according to daim 1 or 2, 55 
wherdn the surfaces of the artides to be 
joined are of the same or different polymeric 
materids. 

4. A method according to daim 3, herein 
one artide is the neck of a plastics bonie and 60 
the other a plastics closure cap for the bottle. 

5. A method according to daim 1, substan- 
tially as hmm described with reference to any 
one of the Exanq>les. 

6. Artides bonded tog«her by a mediod €5^ 
dajimed in any one of daims 1—3 and 5. 

7. Capped plastics botdes whose cap is 
bonded to the neck of tiie botde by tile metiwd 
daimed in daim 4. * 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14j Soutii Square;, Gr^s Inn, 
London, W.Cl. 
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